Abstract -Sedentary behavior may play an important role for health outcomes, regardless of the amount of physical activity in daily life (PADL).We aimed to evaluate and compare sedentary behavior as well as physical capabilities in physically active smokers and non-smokers. Twenty-eight adult smokers and 38 non-smokers free of lung disease were matched for age, sex, body mass index, body composition, cardiovascular risk and moderate-to-vigorous PADL. Participants underwent spirometry, cardiopulmonary exercise test (CPET), six-minute walk test (6MWT), isokinetic dynamometry, and body composition (bioelectrical impedance).Despite the similar amount of moderate-to-vigorous PADL(median, 4.5h/week for smokers and 4.0h/week for non-smokers), smokers spent more time lying (median, 8.2h/week: 95% confidence interval, 5.4 to 19.1 vs. 6.1h/week: 3.7 to 11.2) and in sedentary activities (median, 100h/week: 66 to 129 vs. 78h/week: 55 to 122) compared to non-smokers. Smokers also presented worse spirometry, peak V'O2 and maximum heart rate in the CPET, 6MWT, and isokinetic indices (p<0.05). We observed a strong correlation between the time spent lying and spirometry (r = -0.730) in smokers. Smoking is related to higher sedentary behavior, despite the suitable PADL. An appropriate PADL did not reduce the deleterious effects of smoking on physical capabilities. Interrupting sedentary behavior may be an appropriate intervention target in smokers for reducing the risk of diseases.
INTRODUCTION
Sedentary behaviors are linked to health problems 1 . It can be evaluated through self-report or it can be directly measured using activity monitors. During the last decade, several studies conducted evaluations of selfreported sedentary behavior 2 , but those evaluations have presented spurious associations with results obtained through accelerometers 3 . Smokers commonly have reduced physical capabilities compared to their nonsmoking counterparts 4 . The reduction of physical capabilities and its association with the level of physical activity in daily life (PADL) have been increasingly discussed in the literature 5 . It has been suggested by epidemiological studies that adequate levels of PADL are associated with lower pulmonary function decline and lower incidence of chronic obstructive pulmonary disease (COPD) in smokers 6 . It is rational to state that smokers with a suitable PADL might present preserved lung function. However, the evaluation method employed for assessing PADL may be a confounding factor in this context. For this reason, the use of triaxial accelerometers has been prioritized in epidemiological studies in recent years for assessing sedentary behavior 2 . Smoking affects cardiorespiratory fitness, however, whether this negative impact occurs in smokers with appropriate PADL needs further clarification.
Although scientific evidence is growing about the impact of sedentary behavior in increased risk of mortality from all causes, regardless of physical activity 7 , whether sedentary behavior is higher in physically active adult smokers has not yet been sufficiently investigated, especially using triaxial accelerometers. The higher sedentary behavior could explain partially the increased risk of smoking for developing chronic diseases and preventive strategies should be investigated.
Our hypothesis is that sedentary behavior is high and physical capabilities are compromised in smokers without airflow obstruction, despite the suitable PADL assessed directly through triaxial accelerometry. Accordingly, the aim of this study was to evaluate and compare the sedentary behavior and physical capabilities in physically active adults, smokers, and nonsmokers.
METHODOLOGIAL PROCEDURES
We conducted a cross-sectional study with a convenience sample. Sixtysix physically active adults, 28 smokers free from lung diseases and 38 nonsmokers, were selected from the EPIMOV Study (Epidemiology and Human Movement Study). Participants were carefully matched for age, sex, body mass index (BMI), body composition, cardiovascular risk and PADL. Only volunteers who have reached the minimum recommendations of at least 150 min/week of moderate-to-vigorous physical activity, measured by accelerometer, were included. Participants with obstructive lung disease and COPD diagnosis were also excluded.
The evaluations were performed in two subsequent days, 7 days apart. On the first day, participants underwent clinical evaluation, spirometry, cardiopulmonary exercise testing (CPET) and were instructed how to use the triaxial accelerometer. On the second day, they returned the accelerometer and underwent the assessment of body composition, postural balance, isokinetic muscle function and six-minute walk test (6MWT).
All participants signed a free and informed consent. The Ethics Committee on Human Research of the Federal University of São Paulo (UNIFESP) approved the present study (933.167).
Clinical assessment
Initially, the participants answered the physical activity readiness questionnaire (PAR-Q ) . Cardiovascular risk stratification was performed according to the recommendations of the American College of Sports Medicine 8 . Smoking was investigated by self-report and was considered smokers subjects who reported current smoking and have smoked 100 or more cigarettes during their lifetime 9 . The smoking load was calculated in pack-years. At the end of the clinical assessment, body weight and height were measured and BMI was calculated.
Spirometry
The maneuver of forced vital capacity (FVC) was performed using a calibrated spirometer (Quark PFT; COSMED, Pavonadi Albano, Italy) according to the criteria established by the American Thoracic Society 10 . Forced expiratory volume in one second (FEV1), FVC and FEV1/FVC ratio were measured in absolute and predicted values 11 . The spirometric restrictive pattern was identified in accordance with previous described (i.e., FEV1/FVC > 0.70 and FVC < 80% of pred.) 12 .
Cardiopulmonary exercise testing
The CPET was performed on a treadmill (ATL, Inbrasport, Curitiba, Brazil) under a ramp protocol, with individualized increases in speed and inclination, according to the estimated maximum oxygen uptake (V'O 2max ). Gas exchange and ventilatory variables were analyzed breath by breath, using a computerized gas analyzer periodically calibrated according to the manufacturer's recommendations (Quark PFT; COSMED, Pavona Albano, Italy). Oxygen uptake, carbon dioxide production (V'CO2), minute ventilation (V'E) and tidal volume (VT) were collected breath by breath. Heart rate (HR) was monitored throughout the test by a 12-lead electrocardiogram (C12x, COSMED, Pavano of Albano, Italy). The anaerobic threshold was evaluated by means of v-slope method.
We also assessed the following submaximal relationships: cardiovascular efficiency (ΔHR/ΔV'O2), ventilatory efficiency (ΔV'E/ΔV'CO2) and ventilatory pattern (ΔV'T/ΔlnV'E).
Body composition
Body composition was measured by bioelectrical impedance (BIODY-NAMICS, 310E, Detroit, USA) carried out at room temperature. Lean body mass (LBM) and body fat were calculated using a group-specific reference equation for healthy individuals 13 . 
Postural balance

Isokinetic muscle assessment
Peripheral muscle function was evaluated by isokinetic dynamometry (Biodex, System 4, NY). The dominant lower and upper limbswere evaluated.
The strength of the flexor and extensor muscles of the knee and elbow joints was evaluated through six repetitions at 60 degrees/s. The muscle endurance was evaluated by thirty repetitions at 300 degrees/s. Peak and average torque, power, and total work were measured in each of the imposed speeds.
Six-minute walk test
The six-minute walk test (6MWT) was performed according to the standards of the American Thoracic Society 14 . The distance covered on the test was recorded in meters and percentage of predicted values 15 .
Triaxial accelerometry
The PADL was evaluated with a previously validated triaxial accelerometer (ActiGraph, GT3x+, Pensacola, FL) 16 . Participants used the triaxial accelerometer during 7 days. The minimum level of physical activity in terms of quantity and intensity was established as 150 min/week of moderate-tovigorous physical activity according to previous recommended 17 .
Statistical analysis
The sample was calculated using as a reference the minimum clinically significant difference of 442 mL/min (i.e., a lower limit of normal) of peak V'O2 during the CPET 18 . Considering the standard deviation of the peak V'O2 in healthy adults of about 400 mL/min, we calculated the standardized magnitude of the effect. Stipulating the probability of alpha error at 0.05 and beta error at 0.20, the sample size was approximately 16 subjects in each group.
Statistical analysis was performed using SPSS version 22.0. Data were initially analyzed descriptively. The normality of the variables was assessed by Kolmogorov-Smirnov test. The data are presented as mean ± standard deviation or median (interquartile range) according to the symmetrical or asymmetrical distribution. Comparisons between proportions were analyzed by x² or Fisher's exact test. Continuous variables were compared using the Student t test. To evaluate the influence of sedentary behavior on lung function in smokers, we evaluated the correlation between the variables of triaxial accelerometry and pulmonary function by means of the Pearson or Spearman correlation coefficients according to the distribution of the data. The probability of alpha error was set at 5%.
RESULTS
Participants were carefully matched for age, sex, anthropometry, body composition (Table 1) , cardiovascular risk and PADL. As expected, smokers had lower values of FEV1 (Table 1) . However, no participant presented obstructive lung disease according to the spirometric indices. Eight percent of nonsmokers and 17% of smokers had a spirometric restrictive pattern (p = 0.236). Participants were also closely matched in the number of weekly hours spent in the moderate-to-vigorous physical activity. Respectively, smokers and nonsmokers showed similar time spent per week in moderate (median, .05: non-smokers vs. smokers;V'O2 = oxygen uptake; V'CO2 = carbon dioxide production; HR = heart rate; V'E = minute ventilation; V'T = tidal volume; f = respiratory rate; IC = inspiratory capacity.
Smokers presented worse cardiorespiratory fitness. The peak V'O2 and maximum HR obtained in the CPET were significantly lower in smokers (Tables 2 and 3) . We did not observe other significant differences in ventilatory, cardiovascular, metabolic and submaximal responses to the CPET (Table 2) . Smokers also had lower maximum HR at the end of the 6MWT as well as lower six-minute walk distance (Table 3 ). There was a significant negative correlation between smoking load and peak V'O2/kg (r = -0.44; p <0.001). We observed significantly lower values of isokinetic muscle strength of the lower and upper limbs in smokers (Table 4) . Only knee flexors presented a significant reduction in muscle function in smokers. For the upper body, the total work for elbow flexion at 60 degrees/s and peak torque for elbow extension at 300 degrees/s were significantly lower in smokers. We observed worse postural balance in smokers considering the anteroposterior median amplitude in bipedal support with eyes closed, but it was not statistically significant (1.53 cm/height-m: 1.23 to 2.01 vs. 1.36 cm/height-m: 0.98 to 1.68; p = 0.08).
DISCUSSION
We compared physical capabilities between nonsmokers and smokers without airflow obstruction who attend the minimal recommendations of physical activity. We observed that, even maintaining an appropriate PADL, smokers present differences in relation to nonsmokers regarding physical capabilities domains. Moreover, we observed an association between smoking and higher amounts of sedentary behavior, regardless of the suitable PADL.
Interestingly, the smokers in the present study, even reaching the minimum recommendations of at least 150 min/week of moderate-tovigorous physical activity, showed higher amounts of sedentary physical activities and time spent lying compared to non-smokers. In the group of smokers, the correlation between this sedentary behavior and lung function was consistent. Although the correlation between quantity and intensity of daily physical activity and lung function has been superficially assessed using accelerometers, there are strong evidences that PADL may be an independent risk factor for the decline in lung function and occurrence of COPD over time 6 . Our results reinforce the evidence that physical activity and sedentary behavior are independent attributes. The increase in sedentary behaviors was observed in patients with COPD who, in addition to airflow obstruction, suffer from skeletal muscle dysfunction 19 . However, the information regarding smokers free of COPD is scarce. Previous studies have linked the sedentary behavior and clinical outcomes … continue such as cardiovascular disease and mortality 20 . Although few studies have focused exclusively on smoking, there is evidence to support that high amount of sedentary behavior is associated with cardiovascular, cancer, type 2 diabetes incidence and all-cause mortality 21 . Despite the fact that high levels of moderate physical activity (i.e., about 60-75 min per day) can attenuate the risk of death, it doesn't eliminate the risk of mortality related to sedentary behavior 22 . Moreover, both sedentary behavior and physical activity played a similarly important role as prognostic markers of heart failure 20 . Thus, both physical activity and sedentary time may be appropriate intervention targets for preventing this disease.
Our study reinforces the negative impact of smoking, even in people with appropriate PADL. In fact, one large study evaluated the impact of walking time in daily life and showed that, regardless of smoking and other confounders, individuals who spent more time standing on a daily basis had a mortality up to 24% lower compared to participants with the highest amount of this sedentary behavior 23 . Our results suggest the need for more careful evaluation of the relationship between smoking and sedentary behavior as well as the influence of sedentary behavior on lung function decline and occurrence of COPD over time. We were unable to find other studies that evaluated this association through accelerometers with inclinometer as we have done in the present study.
We observed worse cardiorespiratory fitness in smokers. Peak V'O2 and maximum HR at the end of the CPET were significantly reduced in smokers. Smoking impairs cardiac function during exercise due to reduced O2 transport capacity 24 . Furthermore, smoking requires additional energy cost, due to increased respiratory muscle work. With the increased metabolic demand of the respiratory muscles, the cardiac output becomes less perfused in peripheral muscles, reducing exercise tolerance 25 . Our results using triaxial accelerometry confirm the negative repercussion of smoking on cardiorespiratory fitness. In the present study, we observed a moderate but significant negative correlation between smoking load and peak V'O2. In fact, there is recent evidence on the dose-response relationship between smoking load and cardiorespiratory fitness. Misigoj-Durakovic et al. 4 reported a significant reduction in peak V'O2 even in smokers with a smoking load of 5 pack-years.
Muscle strength and endurance were significantly lower in smokers in our study. There is evidence that the muscles of asymptomatic smokers are weaker and less resistant to fatigue than those of nonsmokers 26 . Our results also indicate that skeletal muscle dysfunction in smokers without airflow obstruction is present, even considering a suitable PADL. Although the mechanisms for that is unknown, this could be caused by the increased inflammatory mediators, proteolysis, and inhibition of protein synthesis, which are common findings in smokers 26 . Fortunately, several negative effects of smoking can be reversed after smoking cessation.
In the present study, the postural balance was evaluated, which is also a domain of physical capability. Although it did not reach the established significance level, we have observed that the postural balance seems to be reduced in smokers. Interestingly, the association between smoking and poor postural balance has been already reported 27 . A large cohort study assessed the postural balance of smokers aged 20 years and the assessment was repeated at 53 years 28 . The authors reported the significant influence of smoking in time of uni-pedal balance (blindfolded) over the years. The decline in lung function is associated with the decline in general health, and cognitive function, commonly seen in heavy smokers. It is very likely that the decline in cognition associated with smoking is the most important attribute to explain the worst postural balance in smokers 29 . Also, there is evidence that smoking affects the peripheral part of the central nervous system via the adverse effects of oxidative stress 30 . Despite these findings, is not known if it has a causality relation and the mechanisms to explain the association between smoking and postural balance impairment.
Our study has limitations that should be considered. The convenience sample is not the best way to recruit participants, but it is the feasible one. Our sample showed higher proportion of women in comparison to men. However, our participants were closely matched for the main confounders, including sex. Moreover, we matched the groups regarding the level of PADL using an objective measure (i.e., accelerometry). Interestingly, smokers present low levels of physical capabilities when compared with nonsmokers, even with similar amount of moderate-to-vigorous physical activity.
CONCLUSION
We can conclude that smokers have worse physical capabilities in comparison with nonsmokers, even in the absence of airflow obstruction and symptoms. In addition, smokers present higher amount of sedentary behavior than nonsmokers, despite the suitable PADL. Thus, interrupting sedentary behavior may be an appropriate intervention target in smokers for preventing diseases. Future studies should investigate the longitudinal association between sedentary behavior and the occurrence of chronic respiratory diseases.
